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Abstract
This paper provides a bio-economic foundation of fertility and child labor. Drawing
on the clinical and physiological literature, the model highlights the interaction be-
tween work e¤orts of adults and children, their subsistence consumption, and fertility.
The subsistence consumption requirements are endogenous to physical e¤orts. Par-
ents engaged in physically demanding occupations (e.g. non-mechanized agriculture)
are likely to su¤er from energy deciency, leading to reduced future work-capacity.
Consumption smoothing occurs through bearing a large number of children who pro-
vide income support as adults. Although net cost of an additional child is positive,
the cost is balanced by the additional income accruing though child employment.
In contrast, parents in low-physical e¤ort occupations are less likely to su¤er from
nutritional deciency, and thus tend to have lower fertility and child labor.
Keywords: Child labor, Physical activity level, Energy deciency, Fertility, Mor-
bidity
JEL Classification: O11, I15, J13, C61
1 Introduction
According to the latest Food and Agricultural Organization report, one in eight
individuals in the world is undernourished. A vast majority of them, about 852
million, live in the developing countries, where about 14:5% of the population re-
main undernourished [FAO, 2012]. While actual starvation is relatively rare, except
for certain parts of Africa, the prevalence of nutritional energy deciency is fairly
common, especially in South Asia. Prolonged energy deciency is known to result
in erosion of long-term health, productivity, and income. Perhaps more disturbing
is the persisting cycles of undernutrition, high fertility and child labor. Inadequate
access to food and nutrition is a manifestation of absolute poverty. However, poverty
hypothesis hardly explains why all poor living under abject poverty are not under-
nourished.
The Indian experience elucidates why absolute poverty and nutritional depriva-
tion should be treated as two distinct concepts. India has achived signicant re-
duction in poverty - from 37% to 28% over 1993-2004. During the same decade,
the proportion of nutritionally decient population increased from 68% to 76%
[Gaiha et al., 2010]. Typically a poverty line, say, $2/day, is based on a constant min-
imum energy requirement, thus failing to explain why nutritional status vary widely
with occupational type among people under poverty [Strauss and Thomas, 1998]. In
India the prevalence rates of chronic energy deciency (CED) among women are seen
to be much higher among those engaged in physically arduous occupations such as
agriculture (41%) and manual labor activities (36%) than the non-workers (28%),
and those in professional, sales and services (21%), controlling for standard of living,
education, age, etc. [Bharati et al., 2007].
Another piece of the puzzle in the world of malnutrition is that chidren are
often intensively employed in physically demanding activities, despite their limited
physical capabilities. For example, non-mechanized agriculture remains the principal
employer of child labor in India. Agricultural households also tend to have high fertil-
ity and adult morbidity [Marini and Gragnolati, 2003], [Wolfe and Behrman, 1982].
This objective of this paper is to o¤er a physiological explanation to account for
these phenomena. To this end, I develop a simple theoretical model that integrates
insights from modern nutritional and physiologycal sciences that explains observed
variations in adult nutritional status, child and adult work intensities and fertility
decisions. To the best of my knowledge, this paper provides the rst formalization
of the physiological mechanism in the fertility and child labor literature.
Central to the theory is a positive association between energy expenditure and
physical acticity level (PAL), as documented in the nutrition and physiological liter-
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ature. Thus, individuals employed in physical e¤ort-intensive activities spend more
energy per unit of time than those employed in relatively sedentary occupations
[Rai, 2012]. Recent medical research further shows that energy need has to be met
for sustenance of healthy body mass. That is, if energy expenditure exceeds energy
intake on a regular basis, body mass shrinks leading to signicant rise in morbidity
and fall in future productivity [Pryer, 1989], [Kurpad et al., 2005]. The higher the
calories spent, the greater is amount of calorie the body needs for subsistence. Thus,
subsistence consumption rises with PAL.
The interaction between the physiological and economic mechanisms is quite in-
tuitive. Physical e¤ort is an important input in labor-intensive activities, such as
non-mechanized agriculture. If returns from e¤ort are too low to meet subsistence
consumption, future health deteriorates, resulting in loss in future productivity and
consumption. To smooth consumption, families bear children who are expected to
make income transfers to their parents. Children are viewed as investments to counter
the depreciation of own health-capital in the productionof life-time income.1 Al-
though more children means higher future transfer, children are costly to bear. Net
cost of children can only be reduced by engaging them at work.
For workers in non-labor-intensive sectors, PAL is not large. This implies, at
any given real wage, the likelyhood of a worker experiencing energy shortfall is lower
than in the labor-intensive sectors. With little loss in future health and income,
these workers depend less on transfers from children. Since fertility is the principal
margin of consumption smoothing, these wokers choose low fertility and low child
labor. Variations in PAL is threfore critical in understanding why nutritional status,
fertility and child labor vary with occupational status. Its omission is likely to lead
to biased estimates of nutritional status [Higgins and Alderman, 1997].2
This study is connected to an inuential body of research on undernutrition,
health and productivity [Bliss and Stern, 1978a]; [Strauss, 1986]; [Deolalikar, 1988];
[Haddad and Bouis, 1991]. Most studies examine the e¤ect of undernutrition on
health and productivity. This paper highlights the importance of the reverse chan-
nel - how work-e¤ort a¤ects nutritional status and health. So far only a few stud-
ies, most notably, [Dalgaard and Strulik, 2011], investigated this channel, although
[Dalgaard and Strulik, 2011] do not explore the implications on child labor and fertil-
ity. A related study [Glomm and Palumbo, 1993] links nutritional intake with health
1 [Vlasso¤ and Vlasso¤, 1980] and many subsequent studies show the importance of old-age sup-
port as a determinant of fertility in rural India.
2Di¤erences in basal metabolic rates (BMR) is the other source of individual variation in energy
expenditure, and is largely determined by attributes such as age, sex, and body-size (body mass
index) [James et al., 1988].
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and mortality in an agrarian economy, where negative income shocks, such as crop
failures, induce parents to raise child labor in an e¤ort to boost current consump-
tion and their chances of survival. Di¤erently from [Glomm and Palumbo, 1993], in
this model both income and health are endogenous, and consumption smoothing oc-
curs through choice of fertility as well as own and childrens work-intensities, rather
than through saving. In addition, the connection between consumption, work-e¤ort,
health and fertility is built upon a stronger biological microfoundation, which enables
the model to explain occupational variations in child labor and fertility.
The results have signicant relevance for policy to reduce undernourishment.
Treating malnutrition solely as a problem of inadequate food availability and ne-
glecting the energy expenditure through work can lead to perverse food policy. For
example, food-for-work programs may fail to improve nutritional status of partici-
pants if increased work-e¤ort required o¤sets the e¤ects of additional food intake.
Moreover, if energy expenditure determines nutritional status, as claimed here, omis-
sion of energy expenditure may produce an omitted variable bias in the estimation
of the e¤ectiveness of nutritional intakeon nutritional status.
The paper is structured as follows. The next section discusses the biological
foundation of minimum consumption. Section 3 develops the baseline model. Section
4 discusses the household optimal choices of fertility, own and childs supply of e¤ort
in both intertemporal and steady state frameworks. Section 5 considers the e¤ect
of a child labor ban on the household choices. Section 6 provides some supportive
evidence, while section 7 concludes.
2 A Biological Foundation of MinimumConsump-
tion
The rst step in deriving the minimum consumption requirement is to focus on the
retaionship between energy requirement under physical activity as well as at rest. Let
the energy consumed at rest, or the basal metabolic rate of an organism is E0 calories
per day. According to Kleibers Law, E0 / mb, where m is the mass of the organism
and b 2 (0; 1) is a scaling parameter [Kleiber, 1932]. At an intuitive level, the Law
states that higher the body mass, the less is the energy requirement per unit of body
mass in order to sustain life. This formaulation has been given rather deep micro-
foundations by [West et al., 1997]; and [Banavar et al., 1999].3 Since basal metabolic
3The theory has been used to explain a wide variety of biological problems from "genomes to
ecosystems" [West and Brown, 2005]. [Dalgaard and Strulik, 2007] provide a brief introduction to
the energy network theory and an economic application on the development of human body size
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rate captures the energy needs of a body at rest, that is, it is the nutritional needs of
a worker not participating in any physical activity. This energy need is proportional
to body mass index (BMI). Let E0 = amb, where a is the proportionality constant.
On the other hand, exerting e¤ort, uses up additional energy in order to support
the muscular contractions involved in body postures and movements. Empirically
it has been documented that both the proportionality constant a and the scaling
exponent b rise with e¤ort levels for animals and humans.4 Therefore, energy needs
of an active body rises with e¤ort level. Let e represent a measure of physical
activity per day, and normalize such that e 2 [0; 1]. At one extreme, e = 0 implies
complete physical rest, whereas e = 1 denotes maximum level of physical activity
during the day. In contrast to [Bliss and Stern, 1978a] and [Bliss and Stern, 1978b]
this notion of activity is independent of the number of tasksbeing performed.
Instead, following the nutritional and physiological literature, e is conceptualized as
having a close correspondence with the physical activity level(PAL) - as e rises,
PAL rises as well.
According to the famous Harris-Benedict equation [Harris and Benedict, 1919],
the energy intake of an active body is proportional to the product of basal metabolism
and extra energy needs for activity, E / mbmc: Energy expenditure of a person with
body mass m, exerting e¤ort e per day (and resting for the remainder of the day),
is computed by the weighted geometric mean: E(e) =
 
amb
1 e  
aem
b+c
e
, where ae
denotes the proportionality constant when e = 1 (see [Dalgaard and Strulik, 2011]).
At the maximum daily activity level the organism reaches maximum metabolism,
aem
b+c, whereas complete inactivity implies basal metabolism in keeping with Kleibers
Law, amb. This formulation is validated by experimental data on human subjects in
that total energy expenditure is found to rise with e in a manner consistent with the
mb+ec specication.5 Therefore, the biologically founded formulation of the energy
expenditure function of a person with body mass m is given by:
E(e) =

amb
1 e 
aem
b+c
e
(1)
Letting   ae=a denote a proportionality constant capturing the ratio of energy
need when e = 1 to the energy need when e = 0, (1) can be simplied to:
E(e) = aemb+ce (2)
Let  be the energy exchange rate - that is, one unit of consumption good (c)
and population size over the long-run.
4See [Dalgaard and Strulik, 2011] and the references therein.
5See [Westerterp, 2001], and [Dalgaard and Strulik, 2011] for a discussion.
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yields c units of energy (in KJ or kcal). The level of consumption su¢ cient to cover
the energy needs of a person with BMI B and height h, exerting an e¤ort-level e is
therefore given by, c = ae(Bh2)b+cet, which denes the minimum consumption for
adults (cat ) and children (c
c
t) as:
cat = (a=)
eat [Bat (h
a
t )
2]b+ce
a
t (3)
cct = (a=)
ect [Bct (h
c
t)
2]b+ce
c
t (4)
where Bi; hi and ei (i = adult; child), are the BMI, height and work-e¤ort at time
t, respectively. Note that, minimum consumption is increasing and convex in e¤ort-
level, (ci0 > 0; ci00 > 0):
3 The Model
The economy is populated by individuals who live for 3 periods - childhood, young
adulthood and mature adulthood. In childhood an individual consumes, and works,
in young adulthood she takes all the relevant decisions such as current consump-
tion, number of children, own and childrens work e¤ort (PAL), given the resource
constraints. The utility function is given by U(ct; ct+1) = u(ct) + u(ct+1), where
u0 > 0; u00 < 0; and  2 (0; 1) is the constant discount factor. The family earning
in period t is comprised of output production from adult work e¤ort eat 2 [0; 1], and
child work e¤ort ect 2 [0; 1]: In this model child labor is measured by work intensity,
instead of work hours - that is, at the intensive rather than extensive margin.6
Health status, measured by BMI, lies at the heart of the mechanism of the
fertility-child labor-health relationship in the model.7. Health status of an indi-
vidual determines the productivity(see [Dasgupta, 1997]). Change in mature-age
health of health occurs in two ways: (i) health depreciates through aging, which is an
inevitable biological process and (ii) through over or under-nutrition in the earlier
period. Our focus in the analysis is the latter. I emphasize that energy shortfall
(surplus) in period t has a deletorious (positive) e¤ect on BMI or health in period
t + 1. For simplicity, I assume the e¤ects of energy imbalance are fully internalized
by individuals.
6The extensive margin would be useful if time had an alternative use for a child, for example,
if a child attended school. In this simple model, we refrain from schooling, due to the fact that
schooling will only add to the cost of bringing up a child, without increasing the potential income
in the labor intensive sector. So optimal schooling would anyway be close to zero in equilibrium.
7Body mass is known to be a good predictor of risk to morbidity and mortality as shown in
[Floud, 1992] and [Fogel, 1997].
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The young adult (parent) solves the following problem:
Max fu(ct) + u(ct+1)g (5)
s:t: ct  (1  )[y(Bat ; eat ) + nt(y(Bct ; ect)  q)] (6)
ct+1  y(Bmat+1) + nt[y(Bat+1; eat+1) + nt+1(y(Bct+1; ect+1)  q)] (7)
Bmat+1 = B
a
t (1  ) + (ct   cat ) (8)
Bat+1 = B
c
t (1 + g) + (q   cct) (9)
Notationally, the superscript denotes the generation at the time in the subscript,
so Bmat+1 denotes health of individuals who belong to mature-adult generation at
time t + 1. Output produced depends on health status and work e¤ort. y(B; e)
(y0j > 0; y
00
j < 0; j = B; e) represents output per period. For a given level of e¤ort
(calorie spent), the output production is higher for a healthier person, and for a given
level of BMI output is higher when e¤ort-level is higher. However, higher e¤ort comes
with a health cost if the corresponding calorie-requirement is not met, as described
in the next section. Each child is assumed identical for simplicity, and rearing each
of them costs q units of consumption good. An adult transfers a fraction  of her
earning to her parent. The value of  is assumed to be exogenous - determined by,
for example, a social norm. Children provide an additional source of income. Each of
the n children possesses health level Bct and exerts e¤ort e
c
t , producing a net output of
y(Bct ; e
c
t)  q. As specied later, this net output is assumed to be negative to prevent
the households optimally choosing an innitenumber of children. Therefore, the
budget constraint of an adult is given by (6).8
E¤ort-level in the mature-age is assumed to be given, and normalized to unity
without loss of generality. The poorer the mature-age health, the lower is the pro-
ductivity y(Bmat+1), and larger is the amount of transfer needed from children who are
now young adults themselves. The aggregate transfer is given by nt[y(Bat+1; e
a
t+1) +
nt+1(y(B
c
t+1; e
c
t+1) q)]. Note that this transfer is increasing in quantity(nt), as well
as quality(Bat+1) of children. Since B
a
t+1 is decreasing in e
c
t , parents face a trade-
o¤ between current income from child labor, and future transfer. This trade-o¤ is
critical in determining current fertility and e¤ort-level of children.
8Note that child labor income is excluded from the transferrables. The purpose of this is to
prevent a scenario where an individuals old-age utility depends positively on her grandchildrens
e¤ort level. In a dynamic system, this would lead to extremely high levels of fertility and child
labor.
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(8) denotes a simplied form of an adults health accumulation function. Health
in young adulthood (Bat ) is assumed to depreciate through a natural ageing process
at the rate  2 (0; 1). More importantly, mature-adulthood health (Bmat+1) depends
on whether or not the person experienced an energy-balance in young adulthood.
Energy-balance could be negative, zero or positive depending on whether calorie
spent through physical activity (cat ) has been less, equal or more than calorie intake
(ct), i.e. whether ct S cat ;where  > 0 is the calorie-food conversion ratio. In case
of a prolonged energy deciency (ct < cat ), B
ma
t+1 deteriorates, eventually leading
to CED (or BMI < 18:5), leading to mature-age morbidity and loss in productivity.
Likewise, a surplus energy i:e:, ct > cat ; improves future health and productivity.
The parameter  2 (0; 1) measures the reponsiveness to an energy disequilibrium on
mature-age health. Unlike the adults, children experience natural growth. Growth
rate under energy balance is given by g > 0: Also, a child is assumed to have a xed
consumption of calorie (q > 0). Therefore, q < (>) cct deteriorates (improves) a
childs future health. Higher PAL by a child always costs her health, while for an
adult, the e¤ect is ambiguous as it raies both sides of the energy-balance condition.
4 Household Equilibrium
In what follows, we denote the derivative of y(B; e) with respect to argument j
as y0j(B; e). The optimization problem given in 5 implies the following rst order
conditions with respect to eat ; e
c
t ;and nt;respectively:
(1  )u0ty0e(Bat ; eat )  u0t+1y0B(Bmat+1)'(eat ) = 0 (10)
(1  )u0ty0e(Bct ; ect)  u0t+1y0B(Bat+1; eat+1)cc0t = 0 (11)
 (1  )u0t[q  y(Bct ; ect)] + u0t+1fy(Bat+1; eat+1)  nt+1[q  y(Bct+1; ect+1)]g = 0 (12)
where '(Bat ; e
a
t )  ca0t   (1  )y0e(Bat ; eat ): The rst equation implies that an adult
would put an e¤ort-level such that the marginal utility of consumption (1 )u0ty0e(Bat ; eat )
is equal to the discounted value of marginal disutility arising from energy imbalance
brought about by the e¤ort, u0t+1y
0
B(B
ma
t+1)'(e
a
t ): The optimal level of child labor
(ect) is chosen so as to equate the marginal utility of consumption out of childs
income, (1  )u0ty0e(Bct ; ect); with the discounted marginal utility of mature-age con-
sumption out of childs transfer, u0t+1y
0
B(B
a
t+1; e
a
t+1)c
c0
t , taking into consideration
7
that child health and productivity will have deteriorated as a result of child labor.
Finally, an adult chooses the optimal number of children so that the netmarginal
cost of having a child, (1  )u0t fq   y(Bct ; ect)g ; is equal to the discounted marginal
benet of transfer the child will make, u0t+1fy(Bat+1; eat+1) nt+1[q y(Bct+1; ect+1)]g.
Note from (10) that an interior solution for eat 2 [0; 1] exists if and only if
'(ea) > 0; or ca0 > (1  )y0(ea) (13)
Assumption (13) implies that marginal cost of adult e¤ort in terms of minimum
consumption requirement is always higher than the marginal product of e¤ort, or,
@Bmat+1=@e
a
t < 0: Note that '
0(eat ) > 0 since c
00
t > 0 and y
00
t < 0:
Similarly (12) says that an interior solution for nt exists if net cost of having a
child is positive - that is, cost of child rearing exceeds its economic contribution:
q > y(Bc; ec) (14)
Combining the rst order conditions and eliminating cc0t =y
0(ect), we have:
y(Bat+1; e
a
t+1)  nt+1[q   y(Bct+1; ect+1)]
q   y(Bct ; ect)
=


y0B(B
ma
t+1)'(e
a
t )
y0e(B
a
t ; e
a
t )
(15)
(15) constitutes the intertemporal equilibrium of an optimising household. Incorpo-
ratingBmat+1 andB
a
t+1 from by (8) and (9), respectively this can be implicitly expressed
as:
ect = (e
a
t ; nt+1) (16)
Proposition 1 : The relationship between child and parental e¤ort is U-shaped. The
level of child e¤ort is increasing (decreasing) in parental e¤ort, that is, 0 > (<) 0 if
parental e¤ort is above (below) a threshold level, beat . Since health status is inversely
related to efort level, child health and adult health shows similar relationship. Fertility
and mature-age health is, however, always nagatively related.
Proof. See Appendix.
The intuition behind the U-shaped relationship is as follows. A high ect lowers
child heath, reducing future health, productivity and transfer from a child. However,
if the discounted value of this e¤ect is lower than the discounted value of lost health
resulting from increasing own e¤ort, it is protable in the margin to increase child
labor. This occurs when eat is high: However, for low-e¤ort workers, the health cost is
outweighed by the benet of saving the future health of children, inducing a negative
relationship between own and child labor. Since current e¤ort and future health are
always negatively related, it follows that intergenerational health also shows similar
relationship U-shaped relationship. Figure 1 shows this relationship.
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Figure 1: Relationship between child and adult e¤ort levels and their health status
in adulthood
Proposition 2 : For given level of health, fertility and adult e¤ort-level are always
positively related.
Proof. Moving (15) one period back, and taking total di¤erentiation with restect
to nt and eat yields
dnt
deat
=
y0e(Bat ;eat )
q y(Bct+1;ect+1) > 0 by (14).
The intuition behind this result is simple. Given the level of child e¤ort, the
higher an adults PAL the lower is mature-age health (and productivity), and greater
is the need to have children to ensure su¢ cient total old-age transfers to smooth
consumption.
4.1 Steady State Relations
The analysis so far points to a positive relationship between adult work e¤ort,
fertility, child labor, as well as a positive intergenerational correlation in health status
when PAL exceeds the threshold beat . These relate to the intertemporal equilibrium.
Let us now examine the steady state, assuming one exists. The steady state is
dened as: Bat+1 = B
a
t ; B
c
t+1 = B
c
t ; and nt+1 = nt: Using this denition, the steady
state version of (15) can be written as a solution for n:
n =
y(Ba; ea)
q   y(Bc; ec)  


y0B(B
ma)'(ea)
y0e(Ba; ea)
(17)
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Proposition 3 In the steady state, fertility, child labor and adult morbidity are pos-
itively related.
Proof. Total di¤erentiation of (17) with respect to n and ec yields dn
dec
= y(B
a;ea)y0e(Bc;ec)
[q y(Bc;ec)]2 >
0;while from (9) dB
a
dec
< 0:
In the steady state, higher child labor reduces future productivity of a child,
which reduces the expected transfer per child. To maintain the total transfer, desired
fertility must increase. The evidence of a positive association between fertility and
child labor have been widely reported in development literature. Somewhat less
widely observed is the positive correlation among fertility and adult morbidity and
adult life expectancy.
Note that the above relationships are conditional on the level of other inputs in the
production process, such as capital. Capital is typically e¤ort-saving - for example,
mechanization of agriculture obviates the need for the arduous activities such as
tilling, harvesting, etc. Thus, modernization of production process through injection
of capital is likely to reduce the importance of physical e¤ort, thereby diluting the
biological connection explored above. This appears to be the most important policy
implication of this study.
5 E¤ect of a Ban on Child Labor
This section analyzes the e¤ect of a ban on child labor on adult work-e¤ort and
fertility. Implementation of a child labor ban forces parents to take ect = 0;changing
the budget constraints as follows:
ct  (1  )[y(Bat ; eat )  qnt] (18)
ct+1  y(Bmat+1) + nt[y(Bat+1; eat+1)  qnt+1] (19)
Also, (8) now becomes exogenous to the parentss decision because cct (hence, B
a
t+1)
is exogenous. The rst order conditions of maximizing (5) with respect to eat and nt
are now given by:
(1  )u0ty0e(Bat ; eat ) + u0t+1y0(Bmat+1) f(1  )y0e(Bat ; eat )  ca0t g = 0 (20)
 (1  )qu0t + u0t+1[y(Bat+1; eat+1)  nt+1q] = 0 (21)
(20) and (21) can be used to solve for nt a function of eat :
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nt+1 =
1
q

y(Bat+1; e
a
t+1) 
qy0(Bmat+1)'(e
a
t )
y0e(B
a
t ; e
a
t )

(22)
Proposition 4 Under a ban on child labor adult PAL and fertility are positively
related in the intertemporal equilibrium. This relationship, however, is ambiguous in
the steady state.
Proof. Lagging (22) one period, and taking total di¤erentiation with respect to nt
and eat , we get
dnt
deat
= 1
q
y0e(B
a
t ; e
a
t ) > 0: In the steady state, both terms on the right
hand side rise with ea; impying an ambiguous sign for dn
dea
:
A ban on child labor shuts o¤ the current benet of having children, and makes
them pure investment goods with xed marginal return [y(Bat+1; e
a
t+1)   qnt+1].
In an intertemporal equilibrium, higher adult e¤ort is necessary to sustain current
consumption, which nessecitates higher number of children to sustain mature-age
consumption. Contrary to the no-ban case, this is independent of the level of adult
e¤ort. In the steady state, the cost of children includes adult health-cost due to
child consumption, which dampens the incentive to bear children, making the e¤ect
ambiguous.
Thus, in this model, an anti-child labor legislation is expected to produce an
increase in fertility across all households in the short and medium run. This im-
plies worsening of adult morbidity, as children deplete available resources for current
consumption and lowers mature-age health of the parents. In the steady state the
same e¤ect is likely to persist among the workers in high-physical e¤ort intensive
jobs (the second term on the right hand side is likely to be smaller than the rst
term). Therefore, a ban on child labor is unlikely to have the desired result among
the high-PAL workers.
6 Some Empirical Evidence
Accurate empirical validity of the above results is hard to nd, given lack of
reliable data. However, some aggregate measures, mostly sourced from India can be
seen as supporting the main results. Table 1 describes the energy intake and health
status of adults (>=18 years) in terms of BMI grades by occupational category in the
seven states of India in 1999. BMI grade <16 corresponds to severe chronic energy
deciency (CED-III), while BMI grades 16-17 and 17-18.5 correspond to CED-II
(moderate) and CED-I (undernutrition), respectively. Although data is unavailable
on the average daily energy spent by occupational categories, it can be safely assumed
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that in India, the rst ve categories of occupation involve much more vigorous
physical work than the rest. Despite high PAL and calorie requirement in agricultural
occupation, calorie intake is the least among the landless agricultural laborers. As
expected 12:4% of adults in this occupational category su¤er from severe CED (BMI
< 16). However, overall incidence of CED is highest (56:5%) among the tenant
cultivators and agricultural laborers, although their energy intake is reasonably high.
Their work however is more physically demanding than most occupational categories.
The artisans consume less calories than most others, yet the prevalence of CED is
much lower among them. The theory discussed above suggets that this is due to
relatively low PAL requirement in their work.
Table 1: Average energy (Kcal.) consumption (% of RDA = 2425 Kcal.) and
distribution of adults (%) in BMI grades by major occupation
Major Occupation Energy Intake BMI Grades
(Kcal./day) < 16 16  17 17  18:5 > 18:5
Landless Agri. Laborer 1989 12:4 14:9 26:3 46:4
Other Laborer 2041 11:0 12:6 28:0 48:4
Owner Cultivator 2205 10:6 11:7 24:4 53:3
Owner + Tenant Cultivator 2213 11:3 13:4 24:7 50:6
Tenant Cultivator + Agri. Laborer 2142 12:4 14:8 29:3 43:5
Artisans 2013 10:2 13:1 23:0 53:7
Services 2154 8:0 9:3 17:8 64:9
Business 2117 8:1 9:7 18:7 63:5
Others 2094 9:0 7:8 16:8 66:4
Pooled 2108 10:6 12:2 24:2 53:0
Source: Tables 6.12, 7.12, Average Nutrient Report of Second Repeat Survey,1999
National Nutrition Monitoring Bureau, National Institute of Nutrition (India)
In the theoretical model child undernutrition occurs as a result of energy shortfall
in childhood - that is when q < cc; which occurs when ec is high. By Proposition 1,
ec is high when ea is high, and by Proposition 2, a high ea implies a high n: the two re-
sults together suggest a positive link between fertility and child malnutrition. Table
2 reports proportion of undernourished children (aged 1-5 years) in various nutri-
tional categories for di¤erent family size for nine Indian states surveyed by National
Institute of Nutrition in India. It is evident that the proportion of undernourished
children rises with family-size, reecting a positive association between fertility and
incidence of undernutrition.
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Table 2: Distribution (%) of 1-5 years old children over nutritional grades and
family size
Family Size Nutrition Grades (Weight for Age)
< 3 SD -3 SD to -2 SD -2 SD to -1 SD -1 SD to Median
1  4 19:4 39:4 30:2 9:2
5  7 21:7 38:6 29:6 8:4
8  10 21:0 40:9 25:8 9:9
>= 10 27:3 37:8 27:3 6:4
Pooled 21:0 39:1 29:3 8:8
Source: Table 70, Diet and Nutritional Status of Rural Population, National Nutrition
Monitoring Bureau Technical Report No. 21 (2002), National Institute of Nutrition (India)
7 Concluding Remarks
This paper focuses on nutritional poverty and its implications for fertility and
child labor in poor societies. Nutritional poverty is an important aspect which is yet
to be formally integrated in the literature. Persistent nutritional poverty in growing
economies only highlights the inadequacies of the traditional tool of income poverty.
The current paper provides a biological explanation of the link between nutritional
status, fertility, and child labor. The clinical and physiological pathways between
nutrition intake, physical activity and health status are integrated with the standard
optimization model to provide a better understanding of how the household economic
decisions are tied to physiology.
The biological relationships are embedded in the formulation of subsistence con-
sumption and health accumulation in an otherwise simple framework. The subsis-
tence consumption levels are endogenously determined by the phycial activity levels,
while health status is dependent on fullment of minimum consumption require-
ments. For high-e¤ort workers the minimum consumption requirement commensu-
rate with their e¤ort level is hardly met. The resulting nutritional deciency leads
to deteriration in health, work-capacity and productivity later in life. Individuals
smooth consumption by raising a large number of children. Cost of children are
reduced by sending them to work instead of school. Therefore, workers engaged
in high physical work activities, such as agriculture, tend to have higher fertility,
higher child labor and high morbidity. On the other hand, workers employed in less
physically demanding jobs, are likely to have lesser need to insure against morbidity.
These households tend to have better mature-age health, lower fertility and lower
child labor. Evidence from India seem to support these results.
The analysis suggests an anti-child labor legislation will induce the high-e¤ort
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workers to have higher fertility. The policy will increase the likelihood of undernu-
trition among the children and raise adult morbidity. A more e¤ective long term
solution involves modernization of production processes by increased use of labor-
saving technology. The FAO report [FAO, 2001] observes that during 1990-99, coun-
tires that experienced a sharp decline (increase) in capital-labor ratio in agriculture,
also registered signicant increase (decrease) in the incidence of undernourishment
(see Table 2, p. 6). The policy implications of this analysis do not undermine the
importantce of increasing aggregate production and access to food availability as
important ways to tackle the problem of undernutrition. Instead, the paper shows
that it is equally important to reduce the returns to brawnin these poor economies
to break the cycle of undernourishment, fertility and child labor.
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8 Appendix
Proof of Proposition 1:
Let  (eat )  y
0
B(B
ma
t+1)'(e
a
t )
y0e(Bat eat )
: Note that  0(eat ) > 0: Total di¤erentiation of (15)
with respect to ect and e
a
t yields, 
0  dect
deat
=
[q y(Bct ;ect )] 0(eat )
 y0B(Bat+1;eat+1)cc
0
t +y
0
e(B
c
t ;e
c
t ) (e
a
t )
. The
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numerator is unambiguously positive. Therefore, 0 R 0 according as the de-
nominator  y0B(Bat+1; eat+1)cc0t + y0e(Bct ; ect) (eat ) R 0 or 
(eat )  y
0
B(B
ma
t+1)'(e
a
t )
y0e(Bat eat )
R
cc
0
t
y0e(Bct ;ect )y0B(B
a
t+1;e
a
t+1)
 (ect). It can be easily veried that 
0(eat ) > 0: Therefore,
for any given ect , there exists a beat such that 
(beat ) = (ect); or beat = 
 1 [(ect)]. The
above inequality can now be expressed as eat R beat : Thus, for given values of ect (or
cc
0
t ), 
0 > 0 for eat > beat , while 0 < 0 for eat < beat :
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